Background-Linkage data have now identified several inflammatory bowel disease (IBD) susceptibility loci but these data have not been consistently replicated in independent studies. One potential explanation for this is the possibility that patients enrolled in such studies may have been erroneously classified with respect to their diagnosis. Aims-To determine the rate and type of misclassification in a large population of individuals referred for participation in an IBD genetics study and to examine the eVect of diagnostic misclassification on the power to detect linkage. Methods-The medical records of 1096 patients entered into an IBD genetics programme were reviewed using standardised diagnostic criteria. The original patient reported diagnoses were changed, if necessary, based on review, and the reasons for the change in diagnosis were recorded. To evaluate the eVect of misclassification on linkage results, simulations were created with Gensim and analysed using Genehunter to evaluate a model for IBD inheritance. Results-Sixty eight of 1096 (6.2%) individuals had a change in diagnosis from that originally reported. The majority of changes were patients with either Crohn's disease or ulcerative colitis who were determined not to have IBD at all. The principal reasons for changes to the original diagnosis were discordance between the patients' subjective reports of diagnosis and actual clinical history, endoscopic, or pathological results; a change in disease pattern over time; and insuYcient information available to confirm the original diagnosis. A 10% misclassification rate resulted in 28.4% and 40.2% loss of power to detect a true linkage when using a statistical model for a presumed IBD locus with s values of 1.8 and 1.3, respectively. Conclusions-Diagnostic misclassification occurs in patients enrolled in IBD genetic studies and frequently involves assigning the diagnosis of IBD to nonaVected individuals. Even low rates of diagnostic misclassification can lead to significant loss of power to detect a true linkage, particularly for loci with modest eVects as are likely to be found in IBD.
Despite being associated with distinct cytokine profiles and specific pathological features, Crohn's disease (CD) and ulcerative colitis (UC) are both associated with recurrent inflammation and ulceration of the gastrointestinal tract and thus share many symptoms, clinical characteristics, and treatment strategies. Distinction of the two disorders, which at the current time is based on specific clinical manifestations, pathological features, and anatomical distribution of disease, can sometimes be diYcult. Moreover, in 10-15% of patients with colonic inflammation, overlap in the clinical and histological manifestations make distinction between CD and UC indiscernible, resulting in the classification of such cases as indeterminate colitis (IDC). 1 Despite the similarities between CD and UC, it is important to accurately classify patients with inflammatory bowel disease (IBD) as prognosis and treatment strategies may diVer in significant ways. 2 Also, correct classification of CD and UC will aVect the interpretation of epidemiological data regarding incidence and prevalence of these disorders. Appropriate and consistently applied criteria to classify patients with IBD may be particularly important for studies attempting to elucidate potential genetic and environmental determinants of IBD.
In view of epidemiological data revealing an important contribution of genetic factors to the pathogenesis of IBD, several groups have carried out genome wide scans for the purpose of localising IBD susceptibility genes. [3] [4] [5] [6] [7] [8] [9] The results of such studies have identified several chromosomal regions linked to IBD but these data have not been consistently replicated in all groups. There are many possible explanations for such discrepancies, including: diVering admixtures of CD and UC; varying ethnic and geographic origins of the populations studied; small sample sizes; type I error; type of genetic markers used; and the presence of genetic heterogeneity and incomplete penetrance. 10 Moreover, as the relative contribution to the overall genetic risk for IBD attributable to each of the susceptibility loci identified thus far is Abbreviations used in this paper: IBD, inflammatory bowel disease; CD, Crohn's disease; UC, ulcerative colitis; IDC, indeterminate colitis; ASP, aVected sibling pair; LOD, logarithm of odds; MLS, multipoint LOD score. low, the potential exists that diagnostic misclassification, even in a small proportion of patients, has a significant impact on results of linkage analyses and thus leads to failure to replicate a previously identified locus or inability to detect additional novel loci of potential relevance. To address this possibility, we have examined the frequency with which such misclassification of IBD occurs, the reasons for misclassification, and the impact of classification errors on the ability to detect linkage using a statistical model of a simulated genome wide scan for IBD.
Methods
The study population was ascertained from a database consisting of IBD patients and their family members recruited at the Inflammatory Bowel Disease Centre of Mount Sinai Hospital, Toronto, Canada, where an IBD genetics programme has been in progress since 1995.
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This programme was established principally to identify susceptibility genes for IBD but also to examine genotype-phenotype relationships in IBD. Patients were derived mainly from IBD patients followed at Mount Sinai Hospital but also by referral from gastroenterologists and surgeons in the Toronto area. Recruitment into this IBD genetics programme initially focused on families with multiple aVected members but subsequently individuals without a family history were also recruited. Patients providing informed consent to enter into the IBD genetics programme were asked to complete a questionnaire detailing information about their illness, and DNA was extracted from peripheral blood samples taken from aVected individuals and unaVected relatives, as described previously. 11 Questions asked included, but were not limited to: type of inflammatory bowel disease (UC, CD, IDC); anatomical distribution; previous surgical procedures; and presence of extraintestinal manifestations. After completing the questionnaire, consent was obtained from patients to acquire all relevant clinical records, including consultation, radiology, endoscopy, surgery, and pathology reports, from any previous physicians providing care for the patients. For all aVected individuals, the records were then reviewed by at least one of the five authors (MSS, RSM, ZC, GRG, AHS). Diagnoses of CD, UC, and IDC were subsequently determined from the documentation obtained using standard criteria. The diagnosis originally provided by the patient or referring physician was either confirmed or changed based on application of the standardised criteria. SUBJECTS Individuals analysed for this report were identified by determining those patients in the database for whom a change in diagnosis was made at any point after the original diagnosis provided by the patient or referring physician had been entered. For analysis of the cases where the original diagnosis was altered, five groups were created (table 1) : those patients where the diagnosis was changed from CD to UC or where the diagnosis was changed from UC to CD (group 1); patients whose diagnosis changed from UC or CD to IDC (group 2); patients whose diagnosis changed from UC or CD to no diagnosis of IBD (group 3); patients who were originally classified as having IDC but changed to UC or CD (group 4); and patients originally diagnosed with IDC but ultimately deemed not to have IBD (group 5). Qualitative analysis of the reasons for diagnostic change was undertaken for each patient and a primary reason for change was assigned.
STATISTICAL MODELLING AND DEFINITIONS
Simulations were created with Gensim 9 (computer program designed by MJD) and analysed using Genehunter. 12 A multiplicative model 13 for IBD inheritance with allele frequencies and penetrances designed to produce between 1/1000 to 1/2000 aVected individuals in the population was applied (approximating the actual prevalence of IBD). Three sets of simulations were performed, all using a simulated 10 centiMorgan map. The first model evaluated 1000 sets of 100 aVected sibling pairs (ASP) for a locus with a s value (relative risk to sibling of an aVected individual) of 3.5, the second model evaluated 1000 sets of 200 ASP for a locus with a s value of 1.8, and the third model included 1000 replicates of 500 ASP for a locus with a s value of 1.3. Subsequent simulations within each model were performed with identical parameters but varying the number of ASP linked to the presumed locus so as to simulate misclassification of patients. This was accomplished by generating 5%, 10%, or 20% of ASP in a random fashion such that these ASP would not be linked to the presumed locus. The number of ASP used was increased for each model as the locus utilised became weaker; this was done to correct for the fact that the expected logarithm of odds (LOD) score would be less for a locus with a weaker eVect and increasing the sample size would result in a roughly equivalent expected LOD score. The average multipoint LOD score (MLS) was determined for each of the simulations (a measure of the degree of linkage (14) to presumed locus) and averaged. The number of simulations that achieved an MLS of at least 3.6, the level of genome wide significance, 14 was determined as well as the percentage of simulations that did not achieve this threshold at varying levels of simulated classification errors (that is, number of patients not linked to the presumed locus).
Results
The medical records of 1096 IBD aVected study participants were reviewed for the analysis. Of these individuals, 68 (6.2%) required a change in diagnosis from that originally reported: 35 (51%) had an original diagnosis of UC, 22 (32%) had an original diagnosis of CD, and 11 (17%) were originally diagnosed as having IDC. Change in diagnosis from UC to CD, or from CD to UC, was made in 13 of these 68 subjects (group 1), 17 individuals had their diagnosis changed from UC or CD to IDC (group 2), 27 with an original diagnosis of UC or CD were subsequently reclassified as unaVected (group 3), four patients with an original diagnosis of IDC were recategorised as UC or CD (group 4), and seven patients with an original diagnosis of IDC were reclassified as unaVected (group 5) (table 1). After review of the clinical, endoscopic, radiological, surgical, and pathological reports of all aVected individuals, reasons for change of diagnosis were assessed and shown to fall into four general categories: discordance between the patients' reported history and objective information obtained in the form of endoscopic, surgical, radiological, or histological results (reason 1); change in disease pattern over time such that reports reviewed closer to the time of study entry were diVerent than those that may have been available to the original diagnosing physician (reason 2); data entry error (that is, no change in diagnosis should have been documented) (reason 3); and insufficient information available to confirm the originally reported diagnosis (reason 4). The distribution of these reasons for each of the five groups of diagnostic change are summarised in table 1.
Using Gensim and Genehunter to model various misclassification rates as described above, loss of power to detect linkage of genome wide significance is demonstrated when patients are incorrectly classified and thus not likely to be linked to a presumed susceptibility locus. For a locus with a relatively strong genetic eVect ( s =3.5), a 10% error rate in classification led to a loss of power of 12% to detect a significant linkage. For loci contributing more modest genetic risks, such as one with s =1.8 or 1.3, the same 10% error rate led to 28.4% and 40.2% loss of power, respectively, to detect significant linkage (table 2) .
Discussion
In the current study, 6.2% of 1096 patients with presumed IBD required a change in diagnosis when their clinical records were reviewed and consistent diagnostic criteria applied. When computer data entry errors were eliminated, the actual diagnostic misclassification rate based on clinical criteria was 58/1096 (5.3%). Importantly, the thorough chart review revealed 30 of these 58 individuals to have no evidence of IBD at all. These results are similar to a previous analysis investigating diagnostic change in a population of IBD patients. 2 The results of the current study also identify several reasons underlying the need for a change in diagnosis. The most frequent source of misclassification reflects discordance between the patients' history and more objective criteria reported at surgery or endoscopy, or by review of tissue pathology. In addition, amendments to diagnosis occurred secondary to a change in disease pattern over time. 15 16 Such alterations complicate attempts to correctly classify IBD patients, particularly for genetic studies. Lack of suYcient information in the clinical records to confirm a diagnosis was another common reason for alteration in diagnosis. Many of these patients, for whom classification changed from UC or CD to no IBD, did not meet histological criteria for a diagnosis of IBD or lacked ongoing symptomatology. In this group of patients it therefore appears that the original report of IBD should not have been made as criteria for IBD based on histological evidence were not met and features of chronic inflammation were frequently absent. The tendency of IBD to relapse is thought to be a critical diagnostic criterion, especially in the absence of confirmatory histological data. 17 Other studies have suggested that specific histological criteria must exist before a diagnosis of IBD is made. 18 While the majority of diagnostic changes in this report involved patients ultimately deemed not to have IBD, a proportion included those with one type of IBD (that is, CD, UC, or IDC) requiring reclassification to another form of IBD. InsuYcient numbers of patients within these categories were available to draw conclusions regarding the reasons for these changes but clearly this type of change can have a significant impact on interpretation of IBD genetic studies as evidence exists suggesting some susceptibility loci are particularly relevant to CD or UC rather than to IBD as a whole. 19 20 In the context of this study, patients were recruited for the purpose of elucidating susceptibility loci for IBD. Thus we performed this analysis to determine what impact, if any, patient misclassification would have on the ability of multipoint linkage analysis to detect chromosomal loci that may be truly linked to disease susceptibility. The modelling carried out in this report demonstrates that even an error rate as low as 10% can lead to a 40% risk that the threshold for significant linkage would not be reached and a false negative result would be obtained. The negative impact of misclassification errors on the power to detect a true linkage is even more pronounced when the presumed locus is one with a relatively modest eVect. As demonstrated in table 2, when a s value of 1.8 was employed, even a 5% classification error rate (less than that found in this report) led to 22% loss of power to detect a true linkage; when a s value of 1.3 was used, similar to the s of the IBD1 susceptibility locus on chromosome 16, 3 a 5% or 10% misclassification rate resulted in 20% and 40% loss of power, respectively. Thus loci contributing to IBD susceptibility are likely to be particularly sensitive to even a small degree of misclassification of patients.
With available data now indicating the existence of at least four confirmed IBD susceptibility loci, all with relatively small estimated contributions to the total genetic risk for disease, these results underscore the importance of rigorous review of clinical records of all patients entered into IBD genetic studies and the consistent application of diagnostic criteria to these individuals. The diYculties in replicating IBD susceptibility loci and in interpreting the multitude of candidate gene association studies clearly demonstrate the importance of attempting to maintain homogeneity with respect to diagnosis in patient populations studied. It is acknowledged that the overlap between the clinical, endoscopic, and pathological appearances of CD and UC may sometimes make distinction between the two conditions diYcult. However, consistent application of predetermined criteria may be extremely useful in these studies.
